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ABSTRACT: This paper presents the results of a simple ultrawideband (UWB) monopole antenna having an impedance 
bandwidth from 3.1-40 GHz. The antenna has a half-elliptical shaped radiator with microstrip-fed and a total size of 
24×30×0.762 mm
3
. The extremely wideband characteristic of the antenna is achieved by simply using a tapered 
transformer and a small square slot on the ground plane.  
 
INTRODUCTION 
 
Planar ultrawideband (UWB) monopole antennas, due to low cost, low power and low complexity, have been developed 
quickly for uses in wireless communications [1]. To achieve wideband operation and stable performance for planar 
UWB antennas, different methods have been proposed. These methods included using resonant structures [2], parasite 
elements [3], filters [4], slots [5], different shaped radiators [6], modifying the shape of the radiator [7], adding slots on 
the ground plane [8], and modifying the shapes of the ground planes [9-10]. Some researchers also combined several 
methods together to optimize the designs [11-13]. 
 
This paper presents a very simple design to achieve the extremely wide bandwidth for a planar monopole antenna. The 
antenna has a half-elliptical shaped radiator with microstrip-fed, a tapered transformer and a small square slot on the 
ground plane. Simulation results show that the antenna with a compact size 24×30×0.762 mm
3
 can achieve a bandwidth 
of 3.1-40 GHz. 
 
ANTENNA DESIGN 
 
The geometry of the proposed antenna is shown in Fig. 1, which consisted of a half elliptical-shaped radiator fed by a 
microstrip line and a tapered impedance transformer printed on one side of the substrate and a partial-ground plane with 
a small square shaped slot on the other side. The antenna was designed on a Rogers substrate, RO4350B, with an area of 
Ws×Ls, having a thickness of 0.762 mm, a permittivity of 3.48 and a loss tangent of 0.004. The half elliptical-shaped 
radiator had a minor axis of 2×Rx in the horizontal direction and a major axis of 2×Ry in the vertical direction. The 
width Ws of the substrate was equal to the length of the minor axis. The width and length of the microstrip feed line 
were set at Wl = 1.7 mm and Ll = 5 mm, respectively, to achieve 50-Ω impedance. To achieve good matching, a tapered 
impedance transformer, having an upper width of Wt = 1.12 mm and a length of Lt = 3 mm, was used between the 
radiator and microstrip feed line. The partial-ground plane had a dimension of Ws×Lg. A small square slot with size of 
Wslot×Lslot was cut on the upper edge of the ground plane underneath the microstrip feed line to improve matching at 
higher frequencies and hence to widen the operating bandwidth. The antenna was optimized using computer simulation 
with the optimized dimensions listed in Table 1.  
 
Table 1 dimensions of antenna (mm) 
Ws Ls Rx Ry W1 L1 Wt Lt Lg Wslot Lslot 
24 30 12 22 1.7 5 1.12 3 8 1 1 
 
Simulation results of parametric study showed that the parameters including the horizontal axis Rx, the vertical axis Ry, 
the feed gap and the upper width of the transformer Wt were the main factors for impedance matching, with Ry the main 
factor determining the low cutoff frequency. Computer results also have shown a full-elliptical shaped radiator could 
achieve the similar performance, but a half-elliptical shaped radiator having only half of the radiator area could be used 
to reduce the size of the antenna. The antenna in Fig. 1 was also fabricated using the optimized dimensions as shown in 
Fig. 2.   
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                (a)                                   (b)                     (c) 
Fig. 1 Geometry of proposed antenna: (a) front view, (b) bottom view, and (c) 
side view. 
 
Fig. 2 Prototyped antenna 
 
     
RESULTS AND DISCUSSIONS 
 
The simulated and measured S11 of the proposed antenna are shown in Fig. 3. It can be seen from the simulated result 
that the antenna had an impedance bandwidth (S11<-10dB) of 3.1-40 GHz. Even at the frequency of 40 GHz, the S11 
did not increase sharply. In fact, it was possible to achieve an even wider bandwidth through further optimization such 
as adjusting the slot dimensions on the ground plane. Due to the Vector Network Analyzer used in our laboratory, we 
could only measure S11 up to 24 GHz. Figure 3 shows that, in the frequencies below 24 GHz, the measured and 
simulated S11 agree quite well. 
 
The antenna was simulated and then measured using the antenna measurement system Satimo Starlab. The peak gains 
and the efficiencies of the antenna are shown in Figs. 4 and 5, respectively. It can be seen that the simulated gain varied 
from about 2.37 dBi at 3.1 GHz to about 6.25 dBi at 20.5 GHz with an average gain of 4.95 dBi across the frequency 
band from 3.1 to 39.9 GHz. The measured gain had more fluctuations which were due to the small ground plane of the 
antenna and also tolerance of the Starlab system. The measured efficiency varied from 81.0% to 97.2% with an average 
of 89.4%. Large discrepancies were observed at low frequencies, which again was due to ground plane effects. Large 
discrepancies were also observed at about 15 GHz, which was due to the tolerance of the Starlab system. 
 
Figure 6 shows the simulated and measured co-polarization radiation patterns of the antenna at 3.1, 16.5, 18 and 40 GHz. 
It can be seen that the simulated radiation patterns in the H-plane were quite omnidirectional even up to the frequency 
40 GHz. The simulated and measured radiation patterns agreed well.  
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Fig. 3 Simulated and measured S11. 
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Fig. 4 Simulated and measured realized gains. Fig. 5 Simulated and measured efficiencies. 
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 (d) 
Fig. 6 Radiation patterns at (a) 3.1 GHz, (b) 10 GHz, (c) 18 GHz and (d) 40 GHz. 
 
CONCLUSIONS 
 
The design of a simple UWB monopole antenna with microstrip-fed having a compact size of 24×30×0.762 mm
2
 has 
been presented. Simulation results have shown that the antenna has an extremely wide bandwidth of 3.1-40 GHz and so 
is well suitable for UWB applications.  
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